The lepton masses and mixings are studied on the basis of string inspired SU (6) × SU (2) R model with global flavor symmetries. Provided that sizable mixings between lepton doublets L and Higgsino-like fields H d with even R-parity occur and that seesaw mechanism is at work in the neutrino sector, the model can yield a large mixing angle solution with tan θ 12 , tan θ 23 = O( √ λ) (λ = 0.22), which is consistent with the recent experimental data on atmospheric and solar neutrinos. In the solution Dirac mass hierarchies in the neutrino sector cancel out in large part due to seesaw mechanism. Hierarchical pattern of charged lepton masses can be also explained.
that lepton flavor mixing matrix (MNS matrix) is remarkably different from quark flavor mixing matrix (CKM matrix) in their hierarchical structure. At first sight it seems that the distinct flavor mixings of quarks and leptons are in disaccord with the quark-lepton unification. However, in a wide class of unification models, the situation is not so simple. This is because the massless sector in the supersymmetric unification theory includes extra particles beyond the standard model and then there may occur extra-particle mixings such as between quarks (leptons) and colored Higgsino-like fields (doublet Higgsino-like fields) with even R-parity. In order to study fermion masses and mixings we have to take into account the effects of such extra-particle mixings. In addition, in the neutrino sector we should incorporate the extra-particle mixings with seesaw mechanism [3] . In the previous paper [4] we have shown that the observed hierarchical structure of quark masses and CKM matrix can be naturally understood in SU(6) × SU(2) R model. In this paper we study characteristic features of lepton masses and MNS matrix in the context of the string inspired SU(6) × SU(2) R model with global flavor symmetries.
The model discussed here is the same as in Ref. [4, 5, 6, 7] . In this study we choose SU(6) × SU(2) R as the unification gauge symmetry at the string scale M S , which can be derived from the perturbative heterotic superstring theory via the flux breaking [8] . In terms of E 6 we set matter superfields which consist of three family and one vector-like multiplet, i.e., 3 × 27(Φ 1,2,3 ) + (27(Φ 0 ) + 27(Φ)).
Under G = SU(6) × SU(2) R , the superfields Φ in 27 of E 6 are decomposed into two groups as 
We assign odd R-parity for Φ 1,2,3 and even for Φ 0 and Φ, respectively. Since ordinary Higgs doublets have even R-parity, they belong to Φ 0 . It is assumed that R-parity remains unbroken down to the electroweak scale. The gauge symmetry G is spontaneously broken in two steps at the scale S 0 = S and
where SU(4) PS represents the Pati-Salam SU(4) [9] . Hereafter it is supposed that the symmetry breaking scales are roughly S 0 = 10 17∼18 GeV and N c 0 = 10 15∼17 GeV. In the present framework the symmetry breaking at such large scales can be realized [10] . Gauge invariant trilinear couplings in the superpotential W are of the forms
From the viewpoint of the string unification theory, it is reasonable that the hierarchical structure of Yukawa couplings is attributable to some kind of the flavor symmetry at the string scale M S . If there exists a flavor symmetry such as Z N in the theory, it is natural that the Froggatt-Nielsen mechanism is at work for the interactions [11] . For instance, the effective Yukawa interactions for charged leptons are of the form [5] 
with
where the subscripts i and j stand for the generation indices and the coupling constants m ij 's are assumed to be O(1) with rank m ij = 3. X ≡ (S 0 S)/M S is a singlet with a nonzero flavor charge and x ≡ X /M S < 1. The exponents e ij are some non-negative integers which are settled by the flavor symmetry. Yukawa hierarchies are derived by assigning appropriate flavor charges to the matter fields. Concretely, when a i , b i (i = 0, 1, 2, 3) and a, b denote the flavor charges of matter fields φ i , ψ i and φ, ψ, respectively, the singlet X has its charge a X = a 0 + a. For simplicity we take a X = −1. In this case the flavor symmetry yields the relation
for the above effective Yukawa interactions. Hereafter we use the notation α i and
By definition we have α 3 = β 3 = 0. Assuming
we have a 3 × 3 mass matrix
By virtue of SU(6) × SU(2) R gauge symmetry the up-type quark mass matrix is given by the same matrix M. In the previous paper [4] we showed that hierarchical pattern of quark masses and mixings can be reproduced by taking
with λ = 0.22. Hereafter we take this choice of the parameters.
Below the scale N 
in units of the string scale M S . Three nonzero 3 × 3 matrices arise from the mass terms
with h ij = O(1). The exponent ξ represents the flavor charge of the trilinear products H d3 H u3 S 0 , i.e., ξ = 2b 3 + a 0 , which is taken to be non-negative. Here we use the notations y S , y N and ρ d for the VEV's S 0 , N c 0 and H d0 = v d in M S units, respectively. From Eq. (5) it is found that the matrix H is symmetric. Since ρ d is very small compared to y S and y N , the mixings between E c and H u are negligibly small. While the large mixings between L and H d can occur depending on the relative magnitude of y S H and y N M.
The matrix M l can be diagonalized by a bi-unitary transformation as
To solve the eigenvalue problem, it is more instructive for us to take M † l M l expressed as
where
number, we can carry out our calculation by using perturbative ǫ d -expansion. Among six eigenvalues three of them are given by eigenvalues of (A l + B l ) at the leading order, which represent heavy modes with the GUT scale masses. The remaining three are derived from diagonalization of ǫ 2 d -terms, i.e.,
These small eigenvalues correspond to masses squared of charged leptons(e, µ, τ ). Unitary transformations which diagonalize (A l + B l ) and ǫ 
where Λ 
in the ǫ d expansion. From Eq. (20), the mass eigenstates of light SU(2) L -doublet charged leptons are given by
Consequently, provided that the elements of y 
We now proceed to calculate the eigenvalues of ǫ 
where ∆(C) ij represents the cofactor for the (i, j) element of C. When applied to (A 
From Eq.(24) light charged lepton masses become
Charged lepton masses become
In this region we obtain
In this region we have
In the neutral lepton sector we have the 15 × 15 mass matrix
in M S units, where
represents the Majorana mass terms which come from the nonrenormalizable interactions (Φ i Φ)(Φ j Φ)(Φ 0 Φ) l ij with non-negative integers l ij . Since matter fields N c i and S i reside in the multipltes ψ(6, 2) i and φ(15, 1) i , respectively, this matrix has hierarchical structure. If the magnitude of the Majorana mass terms are large enough compared to the electroweak scale, due to seesaw mechanism we can obtain small neutrino masses. By recalling the above study in the charged lepton sector, it is easy to see that the unitary matrix U N which diagonalizes M N can be approximately decomposed into three factors as
where the matrix U
N is essentially the same as the diagonalization matrix for light charged leptons and
The matrix U N represents a diagonalization matrix for light neutrinos. It turns out that the light neutrino mass eigenstates are
Comparing these eigenstatesL 0 with those of light charged leptonsL − given by Eq.
(22), we find that V is nothing but MNS matrix. The matrix V represents an additional transformation for neutrinos on the mass-diagonal basis for light charged leptons. V is determined as the diagonalization matrix for the neutrino mass matrix M ν defined by
where ǫ u = v u / N c 0 and R is the induced Majorana mass matrix stemming from Eq.(30). Note that the matrix R has the hierarchical structure given by cancel out in part or in large part due to seesaw mechanism. Since Dirac mass hierarchies depend on the parameter r l , the neutrino mass matrix also depends on r l . Thus we consider the following four cases separately.
In this case the neutrino mass matrix becomes
This leads to the mixing angles in MNS matrix
where θ ij 's are defined as 
The ratios of neutrino masses are given by
Case (iii)
We obtain the mixing angles
The ratios of neutrino masses are
Case (iv) x α 2 −β 1 (= λ −2 ) ≤ r l < x −β 1 (= λ −4 )
We have the mixing angles tan θ 12 ∼ x α 1 −α 2 = λ,
tan θ 13 ∼ r −1 l x α 1 −β 1 = (r l λ) −1 .
for U e3 , which is ∼ λ near to the experimental bound of CHOOZ(≤ 0.16) [12] , in contrast to V CKM,td (∼ λ 3 ) or V CKM,ub (∼ λ 4 ) in the quark mixing matrix. The measurement of U e3
will give an important clue to distinguish the various models. The reactor experiment, for example, KamLAND [13] will cover the LMA-MSW region and possibly give the restriction on U e3 through ν e disappearance experiment as x=µ,τ P (ν e → ν x ) = 4|U e3 | 2 (1 − |U e3 | 2 ) sin 2 ∆m we introduce the notation
In the previous paper [4] we have fixed r d = λ. Instead, if we take r d = √ λ, then quark mass ratios become 
The agreement with the experimental data is good in the case of tan β = v u /v d = O(1).
